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I. INTRODUCTION

In response to NAVSEA tasking!, the BAUER electric powered K-280.75 high
pressure, breathing air compressor was evaluated by NEDU to determine if the
compressor would provide suitable breathing air and have a service life
satisfying U.S. Navy requirements for divers air supply compressors.

For the purposes of this evaluation?, NEDU chose a method consisting of
attaching an arrangement of tubing and valves from the high pressure discharge
to a 42 ft floodable volume flask. The arrangement consisted of a vent valve,
sample bottle fill valve, 5000 psi gauge and tubing to the flask. At startup
the compressor charged the storage flasks to 2000 psig, then the vent was
opened to maintain 2000+ psig while the compressor ran continuously. This
method closely simulated the operation a compressor would experience in the
field. :

Random charge rates were taken on a daily basis while compressing from
2000 psig to 3000 psig. The compressor was operated a total of 40.5 hours.

The manufacturer shipped the compressor configured as a 3000 psi unit.
After 24 hours of operation they shipped a 4th stage relief valve and
temperature probe to change the compressor to a 5000 PSI unit.

II. EQUIPMENT DESCRIPTION

The BAUER K-280.75 high pressure air compressor is driven by six V belts
from a Toshiba 59 hp 1765 rpm 220/460 vac electric motor. The unit has a panel
with four stage pressure gauges, one oil pressure gauge and three indicator
lights for power on, high temperature and low oil pressure. The motor and
compressor units are mounted on a frame set on vibration absorbers. The
vibration absorbers are mounted on a skid type frame. The K-280.75 is rated to
provide 100 cubic feet per minute (cfm) of free air compressed to 5000 pounds
per square inch (psi). The unit is rated to operate in temperatures ranging
"from 41°F to-95°F. In lower temperatures a heating dévice is-used/to pre-heat
the crankcase.

A. COMPRESSOR

The compressor is a three-cylinder, four-stage, reciprocating, air-cooled
unit. The cylinders are arranged in the form of an inverted T. The first and
second stage cylinders are lubricated by means of a force-fed lubrication
system while the other cylinder is splash lubricated. The cylinders of the
compressor block, the intermediate coolers, and the after cooler are
air-cooled. The compressor is equipped with two cooling fans which moves the
cooling air over inter- and after- coolers and compressor cylinders.

III. TEST PROCEDURE AND RESULTS
The compressor unit and ancillary equipment were set up in accordance
with the NEDU test plan? and the K-280.75 compressor maintenance manual’®. The

unit was placed in an exterior work area, open to ambient temperature but
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protected by an awning from direct weather. A Digitech HT series, model 5820
temperature monitor and two Yellow “prings Instruments 700 series thermistor
probes were attached to measure ambient and compressor discharge temperatures.

The K-280.75 compressor maintenance manual3 was used to conduct an
initial receipt inspection of the equipment to ensure all parts and material
were received.

A. ENDURANCE TEST

The compressor was operated with no load the first hour of the test. No
load conditions consisted of the vent open and the back pressure valve set at
2175 psig. An air sample was taken after one hour. The compressor was
operated daily with the vent adjusted to maintain the predetermined discharge
pressure. During capacity evaluation the compressor was attached by flexible
hose to a 42 cubic ft floodable volume flask. The capacity was verified by
charging the flask from 2000 psi to 3000 psig. A total of 45.5 hours of
operation were logged. The following parameters were recorded:

(1) Date (10) Stage 1 Temperature

(2) Time (11) Stage 2 Temperature

(3) Total meter hours (12) Stage 3 Temperature

(4) Total test hours (13) Stage 4 Temperature

(5) Ambient Temperature (14) Compressor oil level

(6) Stage 1 pressure (15) Compressor oil pressure
(7) Stage 2 pressure (16) Compressor discharge line
(8) Stage 3 pressure temperature

(9) Stage 4 pressure
B. OIL CONSUMPTION

Prior to beginning the test, the.oil sump in the compressor was measured
as full on the dip stick. The compressor oil was changed 13 hours into the
“test (28.8 hours on the total houtr meter) per the maintenance mandal?, -Bauer-
Co. supplied eight gallons of BP Energol RC-150 oil for the change. Compressor
0il level was checked each morning. O0il consumption was considered negligible.

C. ATIR SAMPLING

Air samples were taken from the compressor discharge at test hours one
and 25 and sent to the NCSC Laboratory, Code 5130, for purity analysis.

Results are attached as Appendix B. Both samples were within established
limits®.
D. MAINTENANCE

Scheduled maintenance was performed at the times indicated in the
maintenance manual®. Those scheduled maintenance actions performed consisted
of the following:

- Checked valve function at 30 minutes after startup (daily).

- Checked oil level (daily)




- Changed oil at 25 hours on the total hour meter
- Checked automatic condensate drain (daily)
E. PROBLEMS ENCOUNTERED

During the original startup of the unit at NEDU, the automatic condensate
drain did not activate for a periocd of 44 minutes. The illustrations of the
timers in the manual are not the same item installed in the unit. The timers
had to be set to their indicated three minute position to get them to actually
actuate at the proper 15 minute intervals.

No.l cylinder head developed an oil leak around the head gasket. After
40.5 hours approximately two teaspoons ‘of o0il had collected on the cooling
fins. O0il could be seen bubbling at the gasket joint.

The high pressure air discharge line from the forth stage developed an
oil leak.

Three of the six drive belts twisted and started to deteriorate,
indicating a motor and compressor misalignment. There is no procedure in the
maintenance manual® or aligning or checking alignment of the belts.

The pressure maintaining/non-return valve failed and begin discharging
directly to atmosphere. The manual® gives only a functional description of the
valve but no information to assist in attempting repairs.

The accompanying manual’® provides detailed information of the K-280.75
compressor block. It does not provide detailed information concerning the

accessory components on the unit.

When the ambient temperature dropped tv 55°F over night, the comnressor

0il 'was chilled :so the. unit had to be restarted.three times to -pickup' enough. .

oil pressure to continue running.
IV. CONCLUSIONS

It is expected that equipment tested by NEDU is received in the same
mechanical condition as a unit delivered to the Fleet. It should not require
any repairs or alterations. The problems listed above, considered as
mechanical malfunctions and breakdowns, resulted in termination of testing.
This unit is not recommended for inclusion in the ANU list3




V. REFERENCES

1. NAVSEA Task 91-003; Testing of commercially available air
compressors for divers use for ANU list.

2. NEDU Test Plan No. 91-37 Bauer K-280.75 Electric Drive High Pressure
Air Compressor Evaluation

3. Bauer Maintenance Manual High Pressure Compressor Block K-280

4, U.S. Navy Diving Manual, Vol. 1, NAVSEA 0994-LP-001-9010, Air
Purity Standards

5. NAVSEAINST 10560.2 (Series); Diving Equipment Authorized for Navy
Use. ’



713A37 110 ¥OSSIYIWOID NI3IHD

1Sd 000E OL 000Z WO¥J 3D¥VHD OL 8S::0Z MOOL 1l

SY¥3WIL z_<¢n 3LVSNIQNQD Olnv a3lsnrav

3ivy 30¥VHI XOOL OLBO 61-60

37dWVS IV INOH 3NO NOOL 00%1 BL-60

SLNIWHOD
1097021 0042 ss | 14} s.252| d.8v2| d.8v2| 4.828] OS2z | 026 | 022 | 09 |4.v768] s8] STiz| 00%L| 5i-60
1027221 0022 ss | 1ng| .25z 3.8v2| 4.8v2| d.92€f 0ssz | oz | ozz | 09 |4.s7i6| 0'8 | o0iz| ossi| 6i-60
4.27921 0022 ss | s 4.262| d.8%2| d.852| 4.026| 0scz | o026 | ozz | 09 [4.5°€6| 0z | 0'0z| os2l| 61-60
d9702L | T 002 ss | 14| d.2s2| 4.912| d.852| d.908) 0082 | 026 | 022 | 09 |4.0728] 09 | o0'6L| osii] 6i-60
106°€L1 0082 ss | 13| d.892| 4.212| d.252| s.962] 0s8z | og6 | ozz | 09 [4.9°¢8] o5 | o8| osoi| 6L-60
1067541 0092 ss | 1na| 4.262| 4.912] d.8%2| d.582] 00cz | os6 | o022 | 29 |4.9708] 09 | 0°ZL| 0560| 6L-60
R 0042 s | 10| suisz| d.961] 4.892| d.026) 0ssz | o0s6 | 09z | 09 [4.82z] o€ | o9L| osso] e1-60
4.2°201 0022 ss | 10| semiz| s.v61| d4.89€) d.8sg] ossz | ove | sz | 19 [4.iv9z| o'z | o0si| oszo| ei-60

1.89 0002 0s | 13| s.€02| 4.091] 4.291] devsi] 00tz | ove | o092 | 09 | s.2z| o't | o0'9i| og90| 61-60
1097501 0022 2s | 13| 4.502| d.161| d.85| d.05E] 0022 | 096 | o082 | 29 [4.9°g8| 01| o'm| oovi| 8i-60

0012 2s | 1n3 ~ Jootz| o9 | osz| 29| s.v8| o000 o°gi| oosi| 8i-60

dwal | 33nsS3ud o SUNOH | S¥NOH

aN11 NIT | 3unss3yd [13a31|3ovis [3ovis [3ovis |3ovas J3ovis (3ovis |3ovis [3ovis | awar | 1s31 | ¥313w | 3wis | 3iva
OHISIQ |  DHISIC 1m0 | ol Wiy | ayg | ovz|astL | Hiy | s | ova | 1s i | tewv | wwior | wwior | Tvau | 66l

YOSSIAANOI SUNLV¥IANIL 39ViS S3uNSSIU4 IDVLS

NOILVNTVAI ¥0SS3¥dWOD ¥IV dH J1¥1d3313

(1-QOW) 82-X ¥3nve
901 1831




1V J40INHS LINN 3h1 ONV AT¥3d0¥d G3ROILINNJ HOLIMS 1NOINJ 3HL

aNoa m<J JONVHD 10 NI-XV3Y¥8 INOH G2 3H1 ANV 1002 OL Q3MOTITV SYM L1 89%l

*1Sd000E 3A08Y 3¥NSSI¥d. G1ING OL GIMOTIV LINN 3HL ONV Q3501 33N S3ATVA IN3A 3HL SYEL LV

ama.ooom Ol 0002 WOY4 3DAVHI Ol §0::22: MOOi L1 3LVY 3D¥VHI 3OOL SELi

SININWOD
1531 NMOGLOKS OOV |4.9°9iL | *  000€ ss | 1nafs.z1z | doss2| 44892 d.218| ooie | ove | ozz | 09 |4.s728| s'si| evse| evsi| oz-60
106601 0052 ss | 1nafa.2uz | s.8v2| 3.892| s.2e8| 009z | os6 | oz | 09 [s.z'98| sei| s's2| oser| oz-60

1.2°901 0052 ss | Mnafaearz | d0212| d.262| des62] osiz | o026 | ozz | 09 [s.1°98] soi|  stz2| oser| oz-eo

1.0°501 0012 ss | 1nafaus0z | soziz| d.262| dus62| ozz | ozs | ozz | 09 a.et0s|  ssi|  sez| osui| oz-e0

3027001 0012 ss | 1na)a.921 | d.502| 4.8%2) d.562] 0szz | o2s | ozz | 09 |s.962| st2|  stsz| osou| oz-s0

3.9"96 0012 s | 1nafs.68L | d.961| 4.8v2| 4.562| 0522 | 026 | 022 | 09 |4.5792] sur|  svz| oseo| oz-60

102756 0012 s | MNaf4.92L | d.v61| d.0%2| d.s82| 0szz | oz6 | ozz | 09 |4.8'02] stor| s's2| os80| 0z-60

12726 0022 ss | 144029t | d0961| 4.052] d.cd2) oogz | 026 | ozz | 29 [4.0°69| 6 | s'ze| osz0| 02-60
129702 0022 8y | 1Ma)aesit | dusu1] d.i91] d.923) oosz | ose | ssz | 09 |a.ste9] sw | szl o£90| oz-60

W31 | 3unss3nd _ SUNOH | S¥NOH
NN N1 | 3unss3dd [13a31|3ovis |3ovis |3ovis |3svis faovis [aovis {3owis |3ovis | awar | is3t | waiaw | awis | auve
oHas1a |  OHIsIg M0 | Mo| Hiv | oug | aNz | as.k | Hiy [aug | oz | s | rew | vior | Tvior | Tvau | Lest
¥OSSIUIHOI SIUNLVYIINIL 3OVIS . |  s3unss3ud 39VIS

NOILVNIYAI ¥OSSIYIWOI ¥IV dH JI1¥L23713

(1-00W) g2-x ¥3anve

907 1S3l




91Sd 000E OL 0002 WO¥4 39¥YHD OL /13322 MOOL 11 31v¥ 39¥VHD JOOL 0vEl
3WIL N3AJ NO S¥H 1S3 NV ¥313W 433X OL OSOL LV L¥VISIH "HILIMS 440100 dW 3HL NO 3733 OL LINN 3HL G3SNVD SIATVA INIA 3HL 4O INIWLSTQY ¥IJO¥AWI 2960
SLNIWWOD
€101 0561 95 | 1na| d.212| d.212| d.252| d4.908] 0002 | oL6 | o0z2 09 [4.9°€6| 0°€2| o0'9g| ogvl| £2-60
4.6°911 00g2 95 | nnd| d.212| d.222| 4.82¢ m.QNW 00v2 | s26 | o2 09 |4.8°26] 0°22] o0°sg| oggi| £2-60
.672LL | © oog2 95 | 14| d.212) 4.222| d.s52| d.025) 00wz | sz | oz 09 {4.9°t6| 0°12] o0'9g| og21| £2-60
4.6°601 0022 96 | 14| d.212| 4.212| dess2| d.216| oosz | s2s | o2 09 |3.8°¢6| 0°02] o0°gg| ofiL| £2-60
1.6°98 0052 0s | 13| s.691| s.091| 4.502| a.2rz} o9z | ses | sse 09 |4.2°s6| 0°6L| 0°28| o0f£O0L| £2-60
4.27911 0052 9 | 14| d.8%2| d.212| 4.082| de.s62) 0ssz | of6 | o0z2 ¢ |4.9768 0761 0°28] 2960| £2-60
1.5°21L 0052 9 | 13| d.892| 4.212| d.082| 3.562| 0ssz | o6 | oz2 29 |4.728| @8] 8°1g| 0£60| £2-60
3.9°501 0sg2 96 | 14} d.582| 4.212] d.082) d.062] oove | s26 | ou2 29 |3.0708] 821 8'0g| o0fEO| £2-60
4,866 0012 v | 14| s.502| 4.212| d.082| d.582] oozz | sz6 | oz2 29 4.8 @'91| ©62] o0£20| £2-60
1,608 0022 25 | 1| a.502| d.091| s.212] se262] 02z | se6 | oz 29 {4.9°22| 9°si| e'82| o0£90| £2-60
dW3l | 3unss3ud . S¥NOH | SUNOH
NI INIT | 3uNSS3¥d (13A3|39vLs [3ovis [39vis |39vis |3ovis |30viS [3ovis [3ovis | dwal | 1s3L | ¥3L3W | 3wl | 3iva
oHd$1a |  9HISIG MO | MO| Wiy | G¥s | aNZ | uS k| WLy | Q¥E | ONZ | LS| | I8NV | TvIOL | WVIOL | V3§ | 166l
¥0SSIUAHOI . SIUNLVHIAWIL 39VIS SIUNSSIYd IOVIS

NOLLVATYAI ¥OSSIUAWOD ¥1V dH JIULIIN3
(1-00W) 82-X ¥3nve
907 1831



1Sd 00LS 0L HOLIMS »Bh.bu dH 13534 "3ATVA 431713¥ 1S4000S 1TIVLSNI ¥0SSI¥AWOI JANI3S 0£40

| SLNIWWOD
| _ I
w
]
[
4.§°221 002y ss | 13| s.562| d.502] 3.952 d.v08| oosy | o096 | wz 29| 9°s8l 0°62] 0°8%, 0060| 92-60
4.2°611 002 sS | Mnd| d.2Lg| d.2ie| d.8€2| d.562] 0sey | 096 | L2 29| o'v8| o°vz| o0°28] 0080 92-60
4.2°0LL 0092 §S | 1INd| 4.892| d.222| 4.252) 4.90€] 00s2 | Ses | o0s2 09 [4.0°621 0°%2] o0°28] o0s20) v2-60
% 4.2°€1 00Z1 87 | 1nd| d.904] 4.901| 3.0%1| 4291} ootz | o026 | o0sz 09 {4.8°92] 0°€2| 0°9¢| 0£90| ¥2-60
| dW3L | 3¥nSS3ud - SYNOH | SUNOH
NI INIT | 3¥NSS3d {13A31|3ovLs |39vis |39vis [3ovis Jaovis |39vis [3ovis |3ovis | dw3ai | 1S3y | ¥313w | 3wit | 3lva
9HIS14d 9HIS1a 0| O HL Y | adg | ONZ | LS L] HL Y | o | aNZ | 1S i | 18Wv | TvioL | Wi0L | V3 | LesL
4OSSIYAWOD S3YNLVYIJWIL 39VIS $3¥NSSIUd VIS

NOILVNIVAI d0SS3¥dWQD ¥1V dH DI1¥12313

(1-00W) 82-) ¥3nvV8

907 1S3l




G-V

|
._wanoom Ol 0002 WO¥3 30¥VH3 OL S2:712% NOOL L1 31Vd 30dVHI A001 Sg2i
37dWYS ¥1V ¥NOH §2 00l 0%90
SINIWWOI
d.2°62L " 00sY %S | 1nd uhwmm 4.0€2| 44452 m.mON. 009Y 096 082 29 |3.9°58 141 S'S7| 00%L| S2-60
ER 41 0087 | 96 | 1nd| 4.88€| 4.ng2| 4.252| d.562] 006% §96 08e 29 4.17¢8 0°¢¢ 0°S%| OgglL| S¢-60
1.67¢¢l 009% 95 | 1Ind| 4.8%%) 4.222| d.252| 1.562) 004y 096 08¢ 29 |3.2°98 0"ig 0°9%| 0€2l| S2-60
1.6° %21 009Y 95 | 13| d.86€| d.212| 3.892| 3.682] 0sLY 096 082 29 {4.9718 0°0% 0°¢%, Oglt| S2-60
d.l7221 009% VERLL x.Nrm J.212| 4992 u.mww 004% 096 08¢ 29 [4.5°18 0762 0°2% 0¢0L| S2-60
4.0°021 008Y% %S | 1Nd| 4.208| 4.212| 4.252| 4.562] 058% 046 062 29 |3.5°9L 0°8e 0°LY%| 0€60] S2-60
3.97021 009Y S | 14 u.uwm 4.802) 4.8%2 u.omn 004% 0.6 08¢ 29 j4.6"%L 0722 0°0%| 0£80| S2-60|
d.9°221 009% %S | Mnd| d.08€( d.212| 4.8%2| 4.892] 002% 0.6 08¢ 9 |4.87%L 0°92 068 08£0| S2-60
32794 00.¢ 8% | 1INd] d.%01| 4.%00] 4.06L| 34291} 008E 086 042 09 13.2°1L 0762 0°'8g; 0£90| SC-60
dW3l | 3¥NSS3IYd ' S¥NOH | SUNOH
3NIT INIT | 3YNSSIYS | T3A3T|3DVIS (3DVLS |3DVIS |3IDVIS |3IVIS {3DVIS |30VIS |30VIS | dW3l 1831 | ¥313W | 3WIL | 31lva
OHIS14 OHIs1a 110 TOP AL %2 | Q4 € | ONZ | A4S L JHL Y | O3 € [ ONZ | 1S L | IBWY | TviOL | viOol | Tv3¥ | L661L
YOSSIAIWOI SANLVAIIAWIL VIS . $3YNSSI¥d 39VIS |

NOILYNIVAI HOSS3IUJWO) ¥IV dH J1¥1I313
(1-00W) 82-) ¥3nve ’
907 1s3l




1Sd 000€ Ol 1Sd 0002 WO¥4 3DJVHD Ol %£::02° J00L LI 31vd 3D¥VHI NOOL S£2L

S1NIWWOI

3.8°21L1L To0sLY 96 | 1| d.21E| 3.212| 3.452] d.20§] - 0S8Y| 06 08¢ 29 |3.£°98 S 0% S'€S| 0g%i| 92-60
4.8°221 0sly 95 | 1IN4| 4.02€] 4212 4.452] 4.562] 0S8y 026 oge 9 1d.%718 ST6g §°2S| Ofgl| 92-60
o122 009% %5 | MNd| d.21¢) d.212] 3.462 u.mowA 0047 0L6 082 29 4.87¢€8 §°8¢ S'is| 0g2l| 92-60
d.8°2¢1 0097 95 | 1IN3] d.2lE| d.212] 40252 d.562] 0017 046 082 29 }4.6°8L §°Lg S'0s| Ofil]| 92-60
1.8°6L1 009% %S | 1Nd} 4.028| d.£02{ J.252] d.822] 002%| 026 082 29 14.8°%L S°9¢ S*6%7| 0L0L| 92-60
4.9°¢Ll 009% %S | 1| 4.208| d.961] F.452| 4.282F 00L%| O0L6 082 29 14,9724 1% S°8Y%| 0£60| 92-60
4.67¢LL 00L% %6 | 1N3| 4,992 d.%61| 4.0%2 m.mwm 0087| 096 08¢ 29 14.8£°89 STY¢ S°4%| 0880 92-60
do%°LLL 004% 98 | 1Nd| 4.20%] d.96L] 4.082] d.252] 008%] 0.6 08¢ 29 13.57°29 STge §'9%| 0840} 92-60

4.09 0081 S% [ 1nd] d.22L| d.221) d.0€lj d.49LF 0022| 026 082 09 [4.47°¢9 AT Syl 0890 92-60

dW3l | 3¥NSSIUd ) SYNOH | SANOH

NI 3NTT | JUNSSIAd [T13A3T|3DVLS | 30VLS [30VLS [30VIS |3OVIS |39VLS [3DVLS [3IOVIS | dW3l 1S31 | ¥313W | 3WIL | 31vQ
DHISIA 9HISIO 110 VO HL % | Q¥ ¢ | OGN Z | AS L H1 % | Q¥ € | ON 2 | 1S | | I8WY | VIOl | IViOL | TW3¥ | 1661

YOSS3YdWOI S3UNLVYIdHIL 39VLS $33¥NSS3¥d 3IVIS

NOILVNIVA3 ¥OSS3¥dW0D ¥1V dH 21910373

(1-00W) g2-X ¥3nve

907 1S3t




Memorandum 18 September 1991

To: Dave Sullivan, NEDU
From: G. Deason, Code 5130

Subject: Analysis of air sample from Bauer K280 compressor
avaluation. One hour sample.

1. In accordance with your request, the air sample delivered to
the gas analysis lab was analyzed and found to contain:

Component Sample
Oxygen 21%
Nitrogen 78.1%
Argon 0.9%
Carbon Dioxide 350 PPM
Carbon Monoxide 1.2 FPM
Total Hydrocarbongx : 2.5 I'PM
Total Halogens*«x _ . <0.5 PPM
Methane ' 2.5 PPM
Acetylene <0.1 FPM
Acetone <0.1 PPM
Freon 113 <0.1 PPM
Methyl Ethyl Ketone (0.1 PPM
Ethylene <{0.1 PPM
Toluene <0.1 FPM
~Benzene : _ (0.1 FFM
-Formaldehyde - . R - €0:1 PPM
Ca+ ' <0.1 PFM
*Expressed as methane equivalents.

¥xExpressed as methyl chloride equivalents.

2. The above sample <cshowed no appreciable contamination: all

components were within the acceptable range of the U.S. Navy

Diver's Air Purity Standards.

Glen Deason
Chemist




Memorandum 76 September 199]

To: Dave Sullivan. NEDU

From: G. Deason, Code 5130

Subject: Analysis of Bauer K-280 compressor evaluation.air
sample, Twenty-five hour sample.

1. In accordance with vour request, the air gample delivered to

the gas analysis lab was analyzed and found to contain:

Component

Oxygen
Nitrogen
Argon

Carbon Dioxide

Carbon Monoxi

de

Total Hydrocarbons#
Total Halogens*»

Methane
Acetvlene
Acetone
Freon 113
Methyl Ethyl
Ethyvlene
Toluene
Benzene
Formaldehyde

C4+

*Expressed ag
xxExpressed as

2. The above ga
components were
Diver’'s Air Purity

Ketone

methane equivalents.

3

4.
2.
0.
1.
<0.
<0.
<0.
0.
<O.
0.
<0.
<O .

<0.

Sa

”

3

bt bt p pt s bt b e 0 (J) D QD
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methyl chloride equivalents.

mple showed no appreciable contamination;:
within the acceptable

Standards.

mple

21%
8.1%
0.9%

PPM

PPM

PPM

PPM

PFM

PPM

PFM

FFM

PFM

FFM

PFM

PPM

PPM

FPM

range of
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Glen Deason
Chemiest
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